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Abstract—Our previous research indicated that an Internet
intervention was effective in increasing self-reported physical
activity in persons with multiple sclerosis (MS). The present
study examined the efficacy of the same Internet intervention
in persons with MS by using both objective and self-report
measures of physical activity. Participants (N = 21) wore an
accelerometer around the waist for 7 days and then completed
the International Physical Activity Questionnaire (IPAQ) and
Godin Leisure-Time Exercise Questionnaire (GLTEQ) before
and after receiving the 12-week Internet intervention. The
Internet intervention resulted in moderate increases in acceler-
ometer activity counts (d = 0.68) and steps counts (d = 0.60),
and this was paralleled by small increases in IPAQ (d = 0.43)
and GLTEQ (d = 0.34) scores. The number of weeks that per-
sons logged on was correlated with change in accelerometer
activity counts (r = 0.42) and step counts (r = 0.37) but not
change in IPAQ (r = 0.10) or GLTEQ (r = 0.08) scores. The
novel contribution of this study was the observation that an
Internet intervention was efficacious for increasing physical
activity in persons with MS by using both objective and self-
report measures.

Key words: accelerometer, inactive, Internet, intervention, mul-
tiple sclerosis, objective, physical activity, process evaluation,
self-report, step count, walking.

INTRODUCTION

Physical activity has been associated with improve-
ments in fatigue, spasticity, depression, quality of life, and
walking mobility in persons with multiple sclerosis (MS)
[1-4], and yet this population engages in substantially less
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physical activity than does the general population [5],
who parenthetically are largely sedentary [6]. This under-
scores the importance of developing behavior change
interventions for increasing physical activity in persons
with MS. Ideally, such interventions should be based on
theoretical principles that are supported by empirical
research and delivered using a medium that matches the
interest and usage profile of the target population. Evi-
dence exists that constructs from social-cognitive theory
[7] have been identified as determinants of physical activ-
ity in persons with MS [8-10] and, thereby, represent pos-
sible targets of a behavioral intervention. We further note
that the Internet represents an appropriate means for the
delivery of an intervention on the basis of the usage statis-
tics and interests of those with MS [11].

We recently conducted a two-arm, randomized con-
trolled trial (RCT) that tested the efficacy of a 12-week
Internet intervention that was based on social-cognitive
theory for increasing physical activity behavior in per-
sons with MS [12]. The group that received the Internet

Abbreviations: EDSS = Expanded Disability Status Scale,
GLTEQ = Godin Leisure-Time Exercise Questionnaire, IPAQ =
International Physical Activity Questionnaire, MET = meta-
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RCT = randomized controlled trial.
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intervention reported a statistically significant increase in
physical activity over the 12-week period, whereas no
significant change was reported by the wait-list control
group. The major limitation of this pilot research was the
reliance on a self-report measure of physical activity that
might have reflected demand characteristics rather than
an actual change in behavior. The present study examined
the efficacy of the same Internet intervention for increas-
ing physical activity in persons with MS by using both
objective and self-report measures.

METHODS

Participants

We invited 24 persons with MS who were in the control
group of the aforementioned two-arm RCT to be partici-
pants in a follow-up administration of the Internet interven-
tion for increasing physical activity. One person was
uninterested in participation, and two others did not provide
subsequent physician’s approval for participation in physical
activity. This yielded a final sample of 21 persons with MS.
All participants (1) had a definite diagnosis of MS consistent
with McDonald criteria [13]; (2) had a relapsing-remitting
MS clinical course consistent with Lublin and Reingold cri-
teria [14]; (3) were independently ambulatory or ambulatory
with single-point assistance (i.e., cane); (4) were relapse-
free in the past 30 days; (5) had Internet access; (6) were
willing to complete the questionnaires and wear an acceler-
ometer; (7) were nonactive, defined as not engaging in regu-
lar physical activity (30 minutes accumulated each day) on
more than 2 days of the week during the previous 6 months;
(8) were free of contraindications for physical activity (e.g.,
no underlying cardiovascular disease); and (9) provided
physician approval for beginning a physical activity pro-
gram. There were neither inclusion nor exclusion criteria for
usage of disease modifying agents or changes in medication
status over the course of the intervention.

Measures

Physical Activity”

The ActiGraph model 7164 accelerometer (Acti-
Graph; Pensacola, Florida), Godin Leisure-Time Exercise
Questionnaire (GLTEQ) [15], and short-form of the Inter-
national Physical Activity Questionnaire (IPAQ) [16]
served as the measures of physical activity in this study.
The three measures were selected because evidence exists

for the validity of their scores among persons with MS
[17-19]. The ActiGraph model 7164 accelerometer con-
sists of a single vertical-axis piezoelectric bender ele-
ment, and this internal element generates an electrical
signal proportional to the force acting on it. The electrical
signal is digitized by an analog-to-digital converter and
then numerically integrated over a specified interval. The
integrated value of activity counts and/or step counts are
retained in random access memory. The integrator is then
reset. The accelerometer is initialized for a specific start
time and sampling interval (i.e., epoch), and data are
taken from the unit for analysis with use of a docking sta-
tion connected to a personal computer equipped with
ActiGraph software. The data are then entered into
Microsoft Excel (Microsoft; Redmond, Washington) for
processing of daily activity and/or step counts. The sam-
pling epoch in this study was 1 minute, and the acceler-
ometers were worn on an elastic belt around the waist on
a location above the nondominant hip during the waking
hours for a 7-day period. Waking hours was operationally
defined as the moment of getting out of bed in the morn-
ing until the moment of getting into bed in the evening,
but excluded periods of showering, bathing, and swim-
ming. Using a log, the participants recorded the time that
the accelerometer was worn daily, and this log was visu-
ally verified during processing of the minute-by-minute
accelerometer data. We summed the minute-by-minute
activity counts and step counts for each of the 7 days and
then averaged the total daily activity counts and step
counts across the 7-day period. This provided accelerom-
eter data in metrics of both total activity counts each day
and total step counts each day.

The GLTEQ [15] is self-administered measure of usual
physical activity, and although it contains two-parts, we
only included the first part in this study on the basis of
previous research [17-18]. The first part of the GLTEQ
has three items. The items measure the frequency of strenu-
ous (e.g., running, jogging, vigorous swimming), moderate

*Descriptions of the physical activity measures parallel those previously
published in Motl RW, McAuley E, Wynn D, Suh Y, Weikert M,
Dlugonski D. Symptoms and physical activity among adults with relaps-
ing-remitting multiple sclerosis. J Nerv Ment Dis. 2010;198(3):219-19.
[PMID: 20215999] DOI:10.1097/NMD.0b013e3181d14131 and Weik-
ert M, Motl RW, Suh Y, McAuley E, Wynn D. Accelerometry in persons
with multiple sclerosis: Measurement of physical activity or walking
mobility? J Neurol Sci. 2010;290(1-2):6-11. [PMID: 20060544]
DOI:10.1016/}.jns.2009.12.021.
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(e.g., fast walking, easy bicycling, easy swimming), and
mild (e.g., yoga, easy walking) exercises that are performed
for periods of 15 or more minutes during one’s leisure time
over a usual week [15]. The reported weekly frequencies of
strenuous, moderate, and mild activities are then multiplied
by 9, 5, and 3 metabolic equivalents (METS), respectively,
and further summated into a measure of total leisure activ-
ity. GLTEQ scores can range between 0 and 119.

The short-form of the IPAQ contains six items [16].
Those items measure the frequency and duration of vig-
orous-intensity activities (i.e., those that take hard physi-
cal effort and make you breath much harder than normal),
moderate-intensity activities (i.e., those that take moder-
ate physical effort and make you breath somewhat harder
than normal), and walking during a 7-day period [16].
We did not include the duration component of the IPAQ.
This is because previous research has identified problems
with the accuracy of recall of physical activity duration
among persons with MS [17]. The frequency values
reported for vigorous, moderate, and walking activities
were multiplied by 8.0, 4.0, and 3.3 METS, respectively,
and then summated into a continuous measure of physi-
cal activity with scores ranging between 0 and 107.

Disease Severity”

Neurological disability was measured with the Patient-
Determined Disease Steps (PDDS) scale [20]. The PDDS
scale contains a single item for measuring self-reported
neurological impairment. This item is rated on an ordinal
level scale ranging from O (*normal”) to 8 (“bedridden”).
The PDDS scale was developed to be an inexpensive sur-
rogate for the Expanded Disability Status Scale (EDSS).
The scores from the PDDS are strongly and linearly corre-
lated with scores from a physician-administered EDSS (r =
0.93) [20]. This scale was included only for describing the
disease severity of the sample in the present study.

Process Evaluation

Participants completed a questionnaire regarding over-
all satisfaction with the program, Web site, and staff on
a scale with anchors of 1 (“completely unsatisfied”) and
5 (“completely satisfied”). We further asked participants to

"The description of the PDDS parallels that previously published in Weik-
ert M, Motl RW, Suh Y, McAuley E, Wynn D. Accelerometry in persons
with multiple sclerosis: Measurement of physical activity or walking
mobility? J Neurol Sci. 2010;290(1-2):6-11. [PMID: 20060544]
DOI:10.1016/}.jns.2009.12.021.
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indicate whether they would recommend the program to
others with MS on a scale with anchors of 1 (“strongly dis-
agree”) and 5 (“strongly agree™). All questions were fol-
lowed with open space for the provision of additional
feedback.

Intervention

The structure and content of the Web site for the Inter-
net intervention were initially developed in our previous
RCT that was associated with an increase in self-reported
physical activity in persons with MS. We further note that
our approach included important components of Internet
interventions, including use of a theoretical framework,
multimedia content, and provision of telephone and email
support for the Web site [21-22]. The primary content of the
Internet intervention was based on social cognitive theory
and represented the transformation of an effective face-to-
face intervention that increased adherence with prescribed
exercise training in persons with MS [23]. The content was
provided as text supplemented by video and portable docu-
ment format (pdf) files (i.e., multimedia) and focused on the
four principle elements of social cognitive theory (i.e., self-
efficacy, outcome expectations, impediments, and goal set-
ting). This yielded 4 modules (Getting Started, Planning
for Success, Beating the Odds, and Sticking with It) and
10 chapters for the intervention. The Getting Started mod-
ule included chapters on the benefits of physical activity for
persons with MS, instructions for self-monitoring with an
OMRON pocket pedometer (HJ-7201TC, OMRON Corpo-
ration; Kyoto, Japan), and instructions for becoming more
physically active. The Planning for Success module
included chapters on goal setting and feedback, outcome
expectations, and self-efficacy. The Beating the Odds mod-
ule included chapters on barriers, strategies for overcoming
barriers, and social support. The Sticking with It module
included a chapter on maintaining an active lifestyle and
exercise relapse prevention. The supplementary video files
were of persons with MS discussing physical activity behav-
ior and associated experiences with becoming more physi-
cally active. The supplementary pdf files were of research
articles for documenting the statements within the modules,
a manual on incorporating physical activity in everyday life,
and worksheets and questionnaires for further developing
the personal relevance of the content. Additionally, we con-
ducted online group chat sessions twice a week, included an
ongoing participant forum for discussions of physical activ-
ity behavior change, and provided a toll-free telephone line
and a study email address for supporting the Web site.


http://www.ncbi.nlm.nih.gov/pubmed/20215999
http://www.ncbi.nlm.nih.gov/pubmed/20215999
http://dx.doi.org/10.1016/j.jns.2009.12.021

1132

JRRD, Volume 48, Number 9, 2011

This was further supported by automated email announce-
ments about new information, updates, and changes on the
Web site. The intervention materials were delivered in a
titrated fashion such that chapters were made “accessible”
weekly for the first month, biweekly for the second month,
and once in the third month.

Procedure

The participants wore an accelerometer for 7 days
and then completed the PDDS, GLTEQ, and IPAQ before
and after receiving the 12-week Internet intervention.
These materials were sent and returned through the U.S.
Postal Service in postage-paid envelopes. Participants
were paid $10 for each completed packet.

Data Analysis

Any missing data for the follow-up assessment were
replaced with the participant’s baseline value, thereby
allowing for an intent-to-treat analysis. The data analysis
itself was performed with use of SPSS version 17.0 (SPSS
Inc; Chicago, Illinois). Descriptive statistics are presented
in the Table and the text as mean + standard deviation. We
used paired-samples t-tests with a one-tailed test for
comparing changes in means from pre- to postinterven-
tion for accelerometer activity counts and step counts and
GLTEQ and IPAQ scores. Effect sizes for mean differ-
ences were expressed as Cohen’s d (difference in means
divided by the standard deviation of the difference) and
interpreted as small, moderate, or large based on values
of 0.2, 0.5, and 0.8, respectively. We further examined
the relationship among the four measures of physical
activity and Web site log on activity by using Pearson
product-moment correlations (r) and a one-tailed test of
significance.

Table.

Descriptive statistics (mean + standard deviation) for physical activity
measures pre- and postintervention in sample of 21 persons with
multiple sclerosis.

Measure Preintervention Postintervention
Activity Counts (counts/d) 168,974 + 70,669 213,943 + 85,155
Step Counts (steps/d) 6,435 + 2,512 7,822 £2,943
GLTEQ 13.9+13.1 20.1+21.1
IPAQ 16.4 £10.7 20.2+11.7

GLTEQ = Godin Leisure-Time Exercise Questionnaire, IPAQ = International
Physical Activity Questionnaire.

RESULTS

Sample Characteristics

The participants (N = 21) were mostly female (n = 19)
and Caucasian (n = 19), with a mean age of 46.4 *
8.1 years. All participants had a definite diagnosis of MS,
with a mean duration of 7.8 + 6.6 years. The median PDDS
score of 1.0 (range = 0-5) reflects that the sample was inde-
pendently ambulatory with mild disability characterized by
noticeable symptoms and a small effect on lifestyle.

Missing Data

Two people withdrew from the study and did not pro-
vide follow-up data. Two additional persons did not have
usable accelerometer data because of either unit error or
only 1 day of valid data. We replaced those missing follow-
up data with the corresponding baseline value.

Physical Activity Outcomes

The descriptive statistics for the four physical activity
measures are provided in the Table. The paired-samples
t-tests indicated statistically significant improvements from
pre- to postintervention for accelerometer activity counts
(t(20) = 3.14, p = 0.002) and step counts (t(20) = 2.77, p =
0.006); those effects remained unchanged in a completer
analysis using only available data rather than replacing the
missing value. The paired-samples t-tests further indi-
cated a statistically significant improvement in IPAQ
scores (t(20) = 1.97, p = 0.03) and an effect that
approached significance for GLTEQ scores (t(20) = 1.57,
p = 0.07); those effects again remained unchanged in a
completer analysis. The effect sizes for changes in accel-
erometer activity counts, accelerometer step counts, IPAQ
scores, and GLTEQ scores were 0.68, 0.60, 0.43, and
0.34, respectively. The effects were moderate in magnitude
for the objective measures of physical activity and small for
the self-report measures of physical activity.

Web Site Usage

The percentage of persons who logged on each week
was the highest in weeks 1 (76%) and 2 (81%). The per-
centage of persons who logged on each week declined over
the 12-week intervention period such that it was the lowest
(52%) in weeks 10, 11, and 12. The average percentage of
persons who logged on each week was 63 + 36 percent over
the 12-week period. One person never logged on, whereas
six persons logged on every week over the 12-week period.
On average, the participants logged on 7.5 + 4.3 of the
weeks over the 12-week period.
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Log-Ins as Correlates of Intervention Success

The number of weeks that persons logged on was sig-
nificantly correlated with change (post minus pre) in accel-
erometer activity counts (r = 0.42, p = 0.03) and step counts
(r =0.37, p = 0.05), but not change in IPAQ (r =0.10, p =
0.32) or GLTEQ (r = 0.08, p = 0.36) scores. Those who
logged on more times over the 12-week period had a larger
increase in objective measures of physical activity.

Process Evaluation

There was a modest response rate for the process
evaluation (n = 12 or 57% of the participants). A high
degree of satisfaction was found for the Internet interven-
tion (mean = 4.7 £ 0.6, range = 3-5) and staff (mean =
4.7 £ 0.5, range = 4-5), but neutral satisfaction for the
Web site itself (mean = 3.6 + 0.9, range = 2-5). Open-
ended questions indicated that the neutral satisfaction for
the Web site was largely directed toward the online group
chat sessions and forums. Overall, participants indicated
a strong willingness to recommend the program to others
with MS (mean = 4.5 + 0.8, range = 3-5).

DISCUSSION

The novel contribution of the present study was the
observation that an Internet intervention was associated
with an increase in both objective and self-report measures
of physical activity in persons with MS. This extends our
previous research that only included a self-report measure
of physical activity for documenting the efficacy of the
Internet intervention [12]. Collectively, the two studies
indicate that an appropriately designed behavioral interven-
tion that targets variables based on both social cognitive
theory and empirical research and is delivered through the
Internet can successfully increase physical activity behavior
in persons with MS. Such an observation is critical and
timely because persons with MS are largely sedentary and
engage in less physical activity than the general population
[5]. If we can successfully increase the level of physical
activity in persons with MS, this population might improve
in other secondary outcomes, such as fatigue, spasticity,
depression, mobility, and quality of life [1,3—4,24]. To that
end, the Internet intervention that successfully increased
physical activity in the present study and previous research
[12] should be administered in a larger RCT that examines
the possible secondary effects of increased physical activity
on meaningful outcomes for persons with MS.

DLUGONSKI et al. Increasing physical activity in MS

This study quantified the efficacy of the Internet inter-
vention for increasing physical activity by using both
objective and self-report measures. Interestingly, statisti-
cally significant and moderate increases in the objective
measures of physical activity were observed, whereas only
a significant increase in one of the self-report measures
was seen and the changes on both self-report measures
were small in magnitude. One explanation for the differen-
tial effect of the Internet intervention based on the type of
outcome measure might be the emphasis that was placed
on walking and lifestyle physical activity, instead of struc-
tured exercise, on the intervention Web site and through
use of a pedometer. These types of physical activity might
occur in brief and more sporadic bouts throughout one’s
day and, by extension, might be more difficult to quantify
with a self-report measure of physical activity [25].

Another interesting result of the present study was
demonstrated in the analysis of the association between
log-in activity and change in physical activity behavior. The
change in objectively measured physical activity was more
strongly correlated with the number of log-ins over the
12-week period than was the change in self-reported physi-
cal activity. The lack of an association between log-ins and
self-reported change in physical activity is consistent with
our previous study that examined the efficacy of the Inter-
net intervention in persons with MS [12]. This pattern of
findings might suggest that the Internet intervention itself is
associated with a change in physical activity rather than
simply demand characteristics or recall biases that might
be reflected in self-report surveys. If the improvement in
physical activity was simply a result of those threats to
internal validity, then there would likely be stronger associ-
ations between self-reported physical activity and log-ins
than for objective measures of physical activity and log-ins.
This was not the case in the present study.

We conducted a process evaluation for generating feed-
back regarding the perceptions of the Internet intervention
and this, too, extends our previous research. Such feedback
is important for informing decisions on possible alterations
of the Internet intervention for subsequent evaluations.
Although only 12 of the 21 participants provided feedback,
those who completed the process evaluation were generally
satisfied and would recommend this program to other per-
sons with MS. Interestingly, the participants provided neu-
tral ratings of the Web site itself and this was largely
associated with disinterest in the online group chat sessions
and forums. Regarding the chat sessions, one participant
described the experience as “schizophrenic” and providing
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minimal personally relevant information for changing
physical activity behavior. We believe that this component
of the Internet intervention should be modified in subse-
quent studies, perhaps by providing one-on-one chat ses-
sions with an interventionist via either video or telephone
conferencing. Such an approach might further enhance log-
in activity for the Web site itself, and this is critical because
the log-in rates declined over the course of the 12-week
intervention.

The inclusion of an objective measure of physical
activity and the formative analysis are improvements over
our previous research, but the present study does have
significant limitations. Two notable limitations are the
small sample size and the lack of any true control or com-
parison group. These limit the generalizability of our find-
ings and the assessment of the intervention efficacy. An
additional limitation is that we did not record usage of
disease-modifying medications nor did we require that par-
ticipants not change such medications over the course of
the intervention. To that end, the observed changes in
physical activity might reflect initiation of a new medica-
tion such as Fampridine-SR, an agent with beneficial
effects on ambulation [26], rather than the intervention
itself. We further did not include measures of secondary
outcomes and do not have evidence that the increase in
physical activity associated with the Internet intervention
translates into beneficial effects on outcomes such as
fatigue, depression, cognition, mobility, and quality of life.

CONCLUSIONS

Collectively, the present study confirms and extends
findings from our previous research demonstrating the
efficacy of a 12-week Internet intervention for increasing
physical activity in persons with MS [12]. The present
study provided (1) evidence for an increase in physical
activity by using both objective and self-report measures
and (2) feedback through a process evaluation for improv-
ing the Internet intervention in subsequent administrations.
To that end, we believe that an appropriately designed
behavioral intervention that targets variables based on both
social cognitive theory and empirical research and deliv-
ered through the Internet can successfully increase physi-
cal activity behavior in persons with MS and might have
additional effects on secondary outcomes.
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